INTRODUCTION
As one of traditional Chinese medicinal materials conservation methods, antagonistic storage has been used in traditional Chinese medicine protection 1 . Botanical pesticides have the advangtage of providing novel modes of action against insects that can reduce the risk of cross-resistance as well as offering new leads for design of target-specific molecules 2, 3 .
The red flour beetle Tribolium castaneum and cigarette beetle Lasioderma serricorne are two of the major pests of stored grains and grain products in the tropics and subtropics 4, 5 . They can not only cause significant losses because of the consumption of grains, but also result in elevated temperature and moisture conditions that lead to an accelerated growth of molds, including toxigenic many plants including medicinal herbs, spices and fruits have been evaluated successfully for insecticidal or repellency activity against stored product insects, and they have been proven more effective than traditionally used pesticides in some cases 10 17 .
Besides insecticidal and repellent activity, essential oils from different plant sources have also exhibited several biological activities, including antimicrobial 18 and antifungal 19 , nematicidal 20 , larvicidal 21 and acaricidal 22 . Actually, this vast arsenal of bioactive compounds has attracted attention of researchers in recent years. During our screening program for new alternative agrochemicals from Chinese medicinal herbs and wild plants, the essential oil and some of the main compounds of A. stolonifera aerial parts was found to possess insecticidal toxicity against both T. castaneum and L. serricorne adults.
Researches on essential oils from the genus of Artemisia exhibited various bioactivities. Data from Liu 8 , the essen- The red flour beetle Tribolium castaneum and cigarette beetle Lasioderma serricorne were obtained from laboratory cultures maintained for the last 2 years in dark in incubators at 29 1 and 70-80 relative humidity. Both insects were reared in glass containers 0.5 L containing wheat flour at 12-13 moisture content mixed with yeast 10:1, w/w . Adults used in all the experiments were about 7 2 days old.
2.3 Isolation of the essential oil and purification of four constitunent compounds The powder of A. stolonifera aerial parts was subjected to hydrodistillation using a modified Clevenger-type apparatus for six hours. Anhydrous sodium sulphate was used to remove water after extraction. The essential oil was stored in airtight containers in a refrigerator at 4 for subsequent experiments.
The crude essential oil 12 mL with a yield of 0.16 v/ w was chromatographed on a silica gel column 50 500 mm Qingdao Marine Chemical Plant, Shandong province, China by gradient elution with n-hexane first, then with nhexane-ethyl acetate, and last with ethyl acetate. Fractions 120 mL were collected and concentrated at 35 , and similar fractions according to thin layer chromatography TLC profiles were combined to yield 20 fractions. Fractions 4-7, 11-15 that possessed contact toxicity, with similar TLC profiles, were pooled and further purified by preparative silica gel column chromatography PTLC until the pure compounds for determining structure as eucalyptol 2.56 g , β-pinene 0.58 g , camphor 0.44 g and terpinen-4-ol 0.39 g were obtained. Four isolated compounds were elucidated based on nuclear magnetic resonance.
1 H and 13 C-NMR spectra were recorded on Bruker Avance DRX 500 instruments using CDCl 3 as solvent with TMS as internal standard.
GC-MS and GC-FID analysis
The obtained essential oil was packed in amber vial, lightless. A sample of the oil was diluted in n-hexane and subjected to analysis by gas chromatography coupled to flame ionization detector GC-FID and gas chromatography coupled to spectrometry GC-MS in Beijing Normal University, Beijing, China. GC-MS analysis was running on a Thermo Finnigan Trace DSQ instrument equipped with a flame ionization detector FID and a capillary column of HP-5MS 30 m 0.25 mm 0.25 μm capillary column. The column temperature was programmed at 50 for 2 min, then increased at 2 /min to the temperature of 150 and held for 2 min, and then increased at 10 /min until the final temperature of 250 was reached, where it was held for 5 min. The injector temperature was maintained at 250 and the volume injected was 0.1 ml of 1 solution diluted in n-hexane . The carrier gas was helium at flow rate of 1.0 ml/min. Spectra were scanned from 50 to 550 m/z. Most constituents were identified by comparison of their retention indices with those reported in the literatures. The retention indices were determined in relation to a homologous series of n-alkanes C 10 -C 36 under the same operating conditions. Further identification was made by comparison of their mass spectra with those stored in NIST 05 and Wiley 275 libraries or with mass spectra from literature 4 . Relative percentages of the individual components of the essential oil were obtained by averaging the GC peak area reports.
Isolated Constituent Compounds
Eucalyptol 1, Fig. 1 The contact toxicity of the essential oil and the four isolated compounds against T. castaneum adults was measured as described by Liu and Ho 4 . The contact toxicity of the essential oil and the four isolated compounds against L. serricorne followed the same way. A lot of range-finding studies were conducted to determine the appropriate testing concentrations. Finally, the essential oil and four isolated compounds with five concentrations were prepared in n-hexane. Aliquots of 0.5 μL of the dilutions were topically applied to the dorsal thorax of the insects. Controls were determined with n-hexane. Ten insects were used for each concentration and control, and the experiment was replicated five times. Then, both treated and control insects were transferred to glass vials with culture media and kept in incubators. Mortality of tested insects was recorded after 24 h and the observed mortality data were corrected for control mortality using 
Repellency tests
The repellent activity to T. castaneum and L. serricorne adults was tested using the area preference method 12 . Petri dishes 9 cm in diameter were used to confine red flour beetles and cigarette beetles during the experiment. The crude essential oil and the isolated compounds were diluted in n-hexane to five concentrations 39.32, 7.86, 1.57, 0.31 and 0.06 nL/cm 2 , and n-hexane was used as the control. Filter paper 9 cm in diameter was cut in half and 500 μl of each concentration was separately applied to half of the filter paper as uniformly as possible with a micropipette. The other half control was treated with 500 μl of n-hexane. Both the treated half and the control half were then air-dried to evaporate the solvent completely 30 s . A full disk was carefully remade by attaching the tested half to the negative control half with tape. Care was taken so that the attachment did not prevent free movement of insects from the one half to the other, but the distance between the filter paper halves remained sufficient to prevent seepage of test samples from one half to the other. Each remade filter paper after treatment with solid glue was placed in a Petri dish with the seam oriented in one of four randomly selected different directions to avoid any insecticidal stimuli affecting the distribution of insects. Twenty insects were released in the center of each filter paper disk, and a cover was placed over the Petri dish. Five replicates were used and the experiment was repeated three times. Counts of the insects present on each strip were made after 2 and 4 h. The percent repellency PR of each volatile oil/compound was then calculated using the formula:
Nc is the number of insects present in the negative control half while Nt is the number of insects present in the treated half. Analysis of variance One-Way ANOVA and GLM Univariate and Tukey s test were conducted by using SPSS 20.0 for Windows 2007. Percentage was subjected to an arcsine square-root transformation before variance and Tukey s tests. The averages were then assigned to different classes 0 to V in Table 1 4 . A commercial repellent, DEET N,N-diethyl-3-methyl-benzamide , was purchased from Dr. Ehrenstorfer, Germany and used as a positive control.
RESULTS and DISCUSSION

Chemical compounds of the essential oil
The blue oil sample of A. stolonifera with a density of 0.89 g/mL was analyzed by GC-FID and GC-MS, and the components were identified based on their RI values as well as by comparing their mass spectra with those reported in literature. In Table 2 , GC-MS analysis of A. stolonifera essential oil revealed 22 components representing 91.74 of the oil. The major compounds were identified as eucalyptol 32.93
, following with β-pinene 8.18 , camphor 6.12 and terpinen-4-ol 6.11 . The chemical constituents of the essential oil of A. stolonifera aerial parts haven t reported in any literatures. This is the first time to report substances of the essential oil of A. stolonifera.
Bioactivity 3.2.1 Insecticidial activity
The essential oil and its isolated compounds exhibited less contact toxicity cmpared with their fumigant toxicity. In Table 3 , the essential oil of A. stolonifera aerial parts LC 50 1.86 mg/L air almost exhibited the same fumigant toxicity against T. castaneum adults as the positive control, MeBr LC 50 1.75 mg/L air , while, terpinen-4-ol, eucalyptol and β-pinene showed less fumigant toxicity with LC 50 values of 3.74, 5.47 and 16.43 mg/L air, respectively. While, in another fumigant toxicity test against L. serricorne adults Table 4 , essential oil, eucalyptol, β-pinene, camphor and terpinen-4-ol exhibited much less fumigant toxicity than positive control, phosphine 9.23 10 3 mg/L Table 1 The scale to be assign repellency of the essential oil of A. stolonifera aerial parts and its constituents. .74 a Retention index (RI) relative to the homologous series of n-alkanes on the HP-5 MS capillary column. b Relative area (peak area relative to the total peak area). c MS = mass spectrum, Co = co-injection with standard compound. 
Repellent activity
A. stolonifera essential oil and four isolated constituents exhibited repellent activity against T. castaneum on different levels. The results presented in Fig. 2. Data Fig. 2A , 2B showed that at tested concentrations of 39.32, 7.86 and 1.57 nL/cm 2 , terpinen-4-ol PR 96 , 94 and 78
showed the same level repellency class V, IV, III against Lasioderma serricorne adults with the positive control, DEET PR 100 , 98 and 78 at 2 h after exposure. Moreover, β-pinene exhibited strongest repellent activity at tested concentrations of 39.32, 7.86, 1.57, 0.31 and 0.06 nL/cm 2 at 4 h after exposure.
In the repellent activity test against L. serricorne a means in the same column followed by the same letters do not differ significantly (p > 0.05) in ANOVA and Tukey's tests. PR was subjected to an arcsine square-root transformation before ANOVA and Tukey's tests.
to its persistent volatility. However, there are no sufficient researches about it at present. Hence, further studies would be conducted in the future. On the high concentration, DEET can show higher level of repellency, however, on the low concentration, the positive control may exhibit lower repellency. Though the positive control has a sound repellency, its sustainability is worse than the essential oil and its main compounds. That could provide theoretical basis for the exploitation of natural repellents for stored product insects. These findings suggest that the essential oil of A. stolonifera aerial parts and the four isolated compounds show potential for development as natural repellents for stored-product insects.
CONCLUSION
The above report is the first one to demonstrate chemical basis and biocontrol of A. stolonifera essential oil. Both chemical composition and appreciable bioactivity of the oil and its major constituents were also demonstrated. The results suggested that A. stolonifera essential oil and its major constituents have potential uses in the study of ecological prevention and control of storage pests. Since the natural resources of A. stolonifera are abundant, further investigations that focus on more detailed biological activity studies should be conducted to elucidate the bioactivity mechanism of tested essential oils for various applications.
